Erythroid progenitor cells are the main target for B19 parvovirus infection. The UT7 cell line demonstrates a marked erythroid differentiation on induction by erythropoietin (EPO) (UT7/EPO cells) and therefore appears to be a potential target for B19 parvovirus. We aimed to evaluate the presence and localization of B 19 nucleic acids in UT7/EPO cells by in situ hybridization.
Erythroid progenitor cells are the main target for B19 parvovirus infection. The UT7 cell line demonstrates a marked erythroid differentiation on induction by erythropoietin (EPO) (UT7/EPO cells) and therefore appears to be a potential target for B19 parvovirus. We aimed to evaluate the presence and localization of B 19 nucleic acids in UT7/EPO cells by in situ hybridization.
Three digoxigenin-labelled probes were used: two recognized specifically the non-structural region of the B19 genome and one probe was structural regionspecific. In our experiment UT7/EPO cells were not permissive to B19 infection. Transcription led to nonstructural and structural gene transcripts without DNA replication or capsid protein synthesis.
The affinity of the human parvovirus B19 for erythroid progenitor cells in vivo has been established in cases of transient aplastic crisis associated with haemolytic anaemia (Pattison et al., 1981) and in some cases of hydrops fetalis (Anand et al., 1987) . The virus has been propagated in erythropoietin-dependent primary cultures from bone marrow (Mortimer et al., 1983; Ozawa et al., 1986) or fetal liver (Yaegashi et al., 1989) and recently in an erythropoietin-dependent leukaemic cell line (UT7) (Komatsu et al., 1991; Shimomura et al., 1992) . The UT7 cell line is pluripotent (Hermine et al., 1992) : eosinophil, basophil and megakaryocytic differentiation are detected among UT7 cells in the presence of granulocyte-macrophage colony-stimulating factor, whereas a marked erythroid differentiation is observed on addition of erythropoietin (EPO). Furthermore, cells non-permissive for B19, such as megakaryocytes (Srivastava et al., 1990) , support only viral transcription whereas permissive erythroid cells support viral transcription and replication. Infection of UT7/EPO cells by B19 parvovirus has been demonstrated in only 5 % of the cells. Therefore, we aimed to evaluate the presence and localization of B19 nucleic acids in infected UT7/EPO cells by in situ hybridization.
UT7 cells have been adapted for growth in EPO (2 U/ml) for 6 months. Erythroid differentiation of the UT7/EPO cells was evaluated by Hermine et al. (1992) . UT7/EPO cells were inoculated with various amounts (10, 1, 0.1, 0.01 and 0"001 lal which contained respectively 108, 107, 106, 105 and 104 genome copies) of a parvovirus B19-containing serum at a concentration of approximately 10 l° genome copies/m1 as assessed by DNA dot blot analysis (Vassias et al., 1993) . The virus was also propagated in fresh human bone marrow cell cultures obtained from haematologically normal donors. Mononuclear cells were sorted by Ficoll-Hypaque density gradient centrifugation and 106 genome copies were used for inoculation of these cells. Viruses were allowed to absorb to cells at high concentrations (5 × 106 UT7 cells or fresh human bone marrow cells in a total volume of 0-1 ml) for 2 h at 4 °C and 1 h at 37 °C and then the cells were diluted to a concentration of 2 × 105 per ml in Iscove's modification of Dulbecco's MEM (Gibco), with 10% fetal calf serum (Seromed) and with 2 U/ml of human recombinant EPO (Boehringer). The ratio of parvovirus B19 genome copies to UT7 cells used was similar to that used by others (Shimomura et al., 1992) . Cultures were transferred into 75 cm 2 flasks and kept at 37 °C, in an atmosphere of 5 % CQ. Inoculation of UT7/EPO cells with B19 parvovirus was not associated with a c.p.e.
B19 parvovirus proteins were analysed by immunofluorescence 2, 4, and 8 days following virus inoculation; cytocentrifuged preparations were fixed in acetone at -20 °C for 10 min and parvovirus capsid antigens were detected using a high titre human convalescent antiparvovirus B19 serum. A positive immunofluorescent reaction was observed in about 15 % of infected bone marrow cells with typical nuclear and cytoplasmic staining (Fig. 1 a) . No B19 capsid proteins were detected in infected UT7/EPO cells ( Fig. 1 b) irrespective of the amount of virus used for inoculation. We concluded that no structural proteins were synthesized in these cells. This result differs from that of Shimomura and colleagues (1992) who showed immunofluorescence in 5 % of infected U T 7 / E P O cells. However, these authors used a different clone of the UT7 cell line from ours. Despite the absence of viral capsid proteins, the presence of B19 nucleic acids in infected U T 7 / E P O cells was analysed by in situ hybridization (Vassias et al., 1993) . It was performed 2, 4 and 8 days after virus inoculation. Cytocentrifuged preparations were fixed in 1/3 acetic acid and 2/3 ethanol at 4 °C for 15 min. Three hybridization probes were used; two were specific for the non-structural region and the third one recognized specifically the structural gene region. These three probes were obtained by PCR using three pairs of primers, leading to respectively a 169 bp fragment of the nonstructural gene (nucleotides 391 to 560:
5' T G A G C T AAC TAA C A G G T A Y; 5' C T G T A A G T A T G A G T T A G T Y), a 2014 bp fragment of the non-structural gene (nucleotides 436 to 2450; 5' A T G G A G CTA T T T A G A G G G G Y; 5' CTC ATA ATC TAC AAA G C T T T G Y) and a 1857 bp fragment of the structural gene (nucleotides 3070 to 4927; 5' T C A A G G A A G T T T G C C G G A A G T TCC C G C 3'; 5' G T T A A G TAC T T A AAT T C T ACA T T G TCT A Y)
. The P C R was run with the first pair of primers for 35 cycles at 94 °C for 30 s, 55 °C for 30 s and 72 °C for 30 s and for the second and third pair of primers for 35 cycles at 94 °C for 1 min, 50 °C for 1 min and 72 °C for 1 rain, with Taq polymerase (Beckman) in a Perkin-Elmer Cetus D N A Thermal Cycler. The P C R products were purified by electrophoresis on 0.8 % agarose gels; D N A was then recovered by electroelution into dialysis bags (in 0.1 x Trisb o r a t~E D T A , 300 V for 20 rain) and extraction with phenol:chloroform, followed by ethanol precipitation. The probes were labelled with digoxigenin (Boehringer). Hybridization was performed overnight in 0'5 M-NaC1, 10 mM-Tri~HC1 pH 7"5, 1 × Denhardt's solution, 2.5 mM-EDTA, 100 pl/ml poly(A), 40 % formamide, 5 % dextran sulphate, 0.1 M-dithiothreitol and 1 ng per gl of each probe. The slides were washed in 2 × SSC for 10min at room temperature in 2× SSC with 40% formamide twice for 15 min at 37 °C and in 0.2 × SSC for 10 min at room temperature. The addition of antidigoxigenin antibodies labelled with alkaline phosphatase and 45 % nitro blue tetrazolium and 35 % 5-bromo-4-chloro-3-indolyl phosphate allowed visualization. Parvovirus B19 nucleic acids were detected by in situ hybridization within 2 days of inoculation in U T 7 / E P O cells. Approximately 20 % of the infected U T 7 / E P O cells demonstrated specific nuclear staining using the nonstructural probes after 5 days (Fig. 2 a) , whereas only 5 % of these were stained specifically with the structural probe (Fig. 2b) . Infected bone marrow cells were also hybridized with the three probes to examine further the difference in signal between the structural and nonstructural regions. About 15 % (Fig. 2 c) of positive cells were detected with the three probes, ruling out the hypothesis of an artefact. Furthermore, in these infected bone marrow cells the staining was nuclear and cytoplasmic. The hybridization signal obtained in U T 7 / E P O cells could be due to the presence of either B19 DNA or B19 mRNAs. The marked difference in the strength of the signal on comparing the structural and non-structural gene probes suggested that it was most likely due to mRNAs. In order to test this hypothesis B19 DNA replicative forms from infected U T 7 / E P O cells were investigated by Southern blot analysis after isolation of low M r DNA by a modified Hirt technique (Hirt, 1967) . Briefly, U T 7 / E P O and bone marrow cells were harvested within 2 days of infection, washed with PBS and lysed in a solution containing 0.1 N-Tris-HC1 pH 7.5, 0.01 M-EDTA, 0'5 % SDS and 1 M-NaC1 that had been mixed and incubated overnight at 4 °C. After centrifugation at 15 000 g for 30 rain at 4 °C, the cleared supernatant was collected and treated with a final concentration of 200 I~g/ml of proteinase K (Boehringer) at 37 °C for 2 h. After extraction with phenol, phenol: chloroform (1 / 1) and chloroform:isoamyl alcohol (24/1), DNA was precipitated with ethanol at -20 °C. D N A samples were digested with B a m H I , electrophoresed in 1"5 % agarose gels, and transferred to nylon filters (Hybond N+; Amersham). The 32P-labelled hybridization probe used was pEMBL plasmid containing an insert of nearly fulllength B19 genomic DNA [a kind gift from Drs Peter Beard and Bernard Hirt (Do6rig et al., 1987) ]. Filters were hybridized overnight at 42 °C, in 5 x SSC, 5 × Denhardt's solution, 25 raM-potassium phosphate buffer pH 7-4 and 50 % formamide. Filters were washed under stringent conditions (in 2 x SSC, 1% SDS at 25 °C and in 0.1% SDS at 52 °C) and autoradiographed at -80 °C. The doublet bands characteristic of B a m H I -c u t B19 replicative form D N A (Ozawa et al., 1986) were observed in samples from infected bone marrow cells (Fig. 3 , lane 1) but no B19 D N A replicative forms (Fig. 3, lane 4 ) could be observed with infected U T 7 / E P O cells. B a m H Icleaved B19 D N A fragments from cell-free virus were electrophoresed to serve as size markers (Fig. 3, lane 3) . We therefore concluded that U T 7 / E P O cells do not undergo apparent productive infection by B19 at least with respect to viral D N A replication. These results strongly suggest that in these cells, the hybridization observed was due to B 19 m R N A transcription in infected U T 7 / E P O cells. This was confirmed by reverse transcriptase-PCR. RNA was extracted from 10 / 10 ~ mockinfected and B 19-infected bone marrow and U T 7 / E P O cells, as previously described (Chomczynski & Sacchi, 1987) . Reverse transcription was performed with the Perkin-Elmer Cetus reverse kit, using oligo(dT) at 42 °C for 15 rain, 99 °C for 5 min and 5 °C for 5 min. The PCR reaction was performed with a 5' primer of the leader region (nucleotides 389 to 407; 5' T T G TGA GCT AAC TAA CAG 3') and 3' primers that were either in the nonstructural gene (nucleotides 582 to 600; 5 / AAG CTT AGA AGC CAC ACT 3') or in the structural gene (nucleotides 1980 to 1998; 5' ACT G A G TTC TTC AGA GCT 3') (Ozawa et al., 1988) . The PCR reaction was run for 35 cycles at 94 °C for 30 s, 48 °C for 30 s and 72 °C for 30 s. The amplified products were electrophoresed in a 1-8% agarose gel, and fragments corresponding to non-structural gene sequences (211 bp long) and spliced structural gene sequences (134 bp long) (the unspliced structural gene sequences would have been 1509 bp long) were detected both in bone marrow (Fig.  2d , lanes 2 and 5) and U T 7 / E P O (Fig. 2d, lanes 4 and 7) cells after infection.
We conclude that our U T 7 / E P O cell line is not permissive to B19 replication. However it does support B19 transcription. The non-structural gene transcripts were more abundant in infected U T 7 / E P O cells than the structural gene transcripts, as demonstrated by in situ hybridization. Liu et al. (1992) have recently shown that non-structural transcripts were predominant over struc-tural transcripts in non-permissive cells, whereas in contrast structural transcripts predominated over nonstructural transcripts in permissive cells. According to our analysis of B 19 mRNA and the results of Liu et al. (1992) , the block in the synthesis of structural gene products is not due to the absence of a specific splicing activity which would be present only in permissive cells. Liu et al. (1992) found that the differential abundance of B19 mRNAs seems to be determined by active 3' processing.
Although we found spliced transcripts of the B19 structural gene in infected UT7/EPO cells, no capsid protein could be detected by immunofluorescence. This could be explained by a block to translation of B19 structural proteins. We detected only non-structural protein in infected UT7/EPO cells by immunoprecipitation (data not shown). A defect in the transport of the mRNAs for viral structural proteins from the nucleus to the cytoplasm, as has been shown for adenoassociated virus (AAV), is also possible. The adenovirus E1B polypeptide of M r 55K provides helper functions that facilitate cytoplasmic accumulation of AAV mRNAs (Samulski & Shenk, 1988) . Such a phenomenon, if it occurs between B19 and a helper virus with tropism for the megakaryocyte cell line, may be studied by in situ hybridization.
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